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Abstract
The background studies for the Standard Model Higgs
boson in the four lepton (electron and muon) final
states reconstructed by the ATLAS detector at the Large
Hadron Collider are reviewed.
1. Introduction
The discovery of the Standard Model (SM) Higgs bo-
son is a major goal of the Large Hadron Collider (LHC).
The first proton-proton LHC data at 7 TeV center of
mass energy are expected in late 2009. The Higgs bo-
son mass is a free parameter in the SM, however there is
strong expectation motivated by precision electroweak
data and direct searches [1] that a low mass Higgs
(114.4 − 191 GeV, 95% confidence level) should be dis-
covered at the LHC. The experimentally cleanest signa-
ture for the discovery of the Higgs is its “golden” decay
to four leptons H → ZZ(∗) → 4l. The excellent en-
ergy resolution and linearity of the reconstructed elec-
trons and muons lead to a 4-lepton invariant mass peak
on top of a smooth background. The expected signal
to background ratio after all experimental cuts depends
on the Higgs mass itself. The major component of the
background consists of irreducible pp→ ZZ(∗) → 4l de-
cays. The most challenging mass region is below 180
GeV where one of the Z bosons is off-shell giving low
transverse momentum leptons. In this region reducible
backgrounds from pp → ZQQ¯ → 4l (where Q = c, b)
and pp → tt¯ → 4l are significant requiring tight lepton
isolation cuts which reduce them to levels well below the
pp → ZZ(∗) background. A recent analysis using simu-
lated data has been performed by the ATLAS collabo-
ration [2],[3],[4]. In this analysis a series of electron and
muon identification cuts are applied, followed by tight
lepton isolation and track impact parameter cuts.
2. Data driven methods for ZQQ¯ (Q = c, b) back-
ground extraction
Although for high luminosities the H → ZZ(∗) → 4l
background shape and normalization can be extracted
from fits [5], for lower luminosities and in particular at
the low mass region (Higgs mass < 160 GeV) the lev-
els of the reducible backgrounds have to be measured
in control samples. Therefore understanding of all cuts
reducing the tt¯ and ZQQ¯ backgrounds is of prime im-
portance. In particular the ZQQ¯ is expected to be the
dominant reducible background in the H → 4l analysis.
In order to predict the ZQQ¯ background in the Higgs
signal region, appropriate control data samples rich in
ZQQ¯ events must be obtained. The main background
in these samples comes Z + 2jets where at least one of
the two jets originates from a light quark q (q = u, d, s).
Lepton candidates originating from these jets could pass
all lepton identification requirements and mimic leptons
originating from a Z-boson. In the case of electrons
for instance, the containment of an EM shower in the
calorimeter along the pseudorapidity direction, Rη (ra-
tio in η of cell energies inside a 3 × 7 versus 7 × 7 cell
array), is one of the main discriminants used in electron
identification [4]. The shape of this distribution is shown
in figure 1 for light quark jets reconstructed as electrons
(dotted line) and for electrons coming from the Z-boson.
These distributions as well as distributions correspond-
ing to c, b→ e electrons will be obtained from early data.
3. Reducible background rejection: isolation
and track impact parameter cuts
The main goal of the isolation and track impact pa-
rameter cuts is to keep the reducible backgrounds sig-
nificantly lower than the irreducible ZZ(∗) background.
These cuts are applied after the lepton identification and
kinematic cuts. Similar to the lepton identification vari-
ables, the shapes of the isolation, and impact parameter
discriminants are expected to be controlled using data.
The distributions of the calorimetric and track isolation
variables for muons coming from Higgs and the Zbb¯ and
tt¯ backgrounds are shown in figure 2. Leptons coming
from b-meson decays are less isolated than leptons orig-
inating from Z. In figure 3 the track impact parameter
significance for muons coming from Higgs and the Zbb¯
and tt¯ backgrounds is shown. Leptons originating from
Z-bosons are prompt while leptons coming from b-meson
decays are displaced with respect to the primary vertex.
The impact of the isolation and the impact parameter
cuts in the H → 4l analysis is summarized in table 1.
While calorimetric isolation for electrons is present in
the pre-selection and lepton quality cuts, for muons a
rejection close to 10 for Zbb¯ and close to 100 for tt¯ is
found. Track isolation brings an additional approximate
rejection of 3 for Zbb¯ and a factor of 5 for tt¯. The im-
pact parameter cut, applied last, gives an approximate
factor of 3 rejection for Zbb¯. The rejection of tt¯ is also
expected to be significant but due to lack of Monte Carlo
statistics this is hard to quantify. In summary, for com-
bined isolation and impact parameter cuts we obtain a
signal efficiency of 80% and O(102) rejection for Zbb¯ and
O(103) rejection for tt¯.
4. Expected level of background in the Higgs→
ZZ(∗) → 4l analysis
The full H → 4l analysis leads to the ZZ(∗), Zbb¯
and tt¯ background levels shown in table 2 [4]. These
are expectations within a mass window about the
specific simulated SM Higgs mass. For Higgs masses
just above the LEP limit (120-130 GeV) the Zbb¯ is a
significant fraction (about 30%) of the ZZ(∗) irreducible
background. The tt¯ background is practically negligible.
Both reducible backgrounds Zbb¯ and tt¯ become negligi-
ble for masses above 150 GeV. These large Zbb¯ fractions
at low Higgs masses in conjunction with the large
theoretical uncertainties on Zbb¯ production, necessitate
measurements of Z production associated with heavy
quarks with early LHC data. As already mentioned,
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Figure 1. Fraction of energy inside a 3×7 (η×φ) EM calorime-
ter cell array divided by the energy inside a 7 × 7 matrix.
The dots correspond to electron candidates coming from light
quark jets while the histogram shows the shape for Z-boson
electrons.
Table 1. Fraction of events (in %) selected after each cut for
the ZZ(∗) and Zbb¯ background processes. The calorimeter,
track isolation and impact parameter cuts lead to significant
rejection factors. The Higgs mass window cut corresponds to
a Higgs mass of 130 GeV.
Selection cut ZZ Zbb
4e 4µ 2e2µ 4e 4µ 2e2µ
Trigger 1 96.6 96.6 96.6 91.4 91.4 91.4
Preselection 2 13.8 17.6 31.4 2.6 9.4 12.0
Lepton quality,Pt 3 7.3 16.0 21.9 0.11 2.1 1.7
Z mass cuts 4 6.9 14.8 20.2 0.047 1.1 0.84
Calo Isolation 5 6.9 13.9 19.5 0.047 0.085 0.12
Track Isolation 6 6.8 13.6 19.2 0.013 0.033 0.044
IP cut 7 6.2 13.0 17.8 5.6·10−3 0.011 0.018
H Mass window 8 0.052 0.113 0.12 1.6·10−3 1.2·10−3 3.0·10−3
crucial in such measurements is the understanding of
the lepton selection cuts, the isolation, and the impact
parameter cuts. Several studies have already been
launched within the ATLAS collaboration and this is
the focus of future work in this topic.
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Figure 2. Muon calorimetric (top) and muon track isolation
(bottom) for signal, Zbb¯, and tt¯ backgrounds. The variable
plotted is the maximum sum of transverse energy (Et) inside
a 0.2 cone normalized to the lepton transverse energy.
d0 significance















Figure 3. Muon impact parameter (distance of closest approach
on the bend plane) significance for Higgs signal and Zbb¯ and
tt¯ backgrounds.
Table 2. Cross-sections (in fb) after full event selection for
the signal, irreducible ZZ(∗) and reducible Zbb¯ and tt¯ back-
grounds. The expected Poisson statistical significance for the
signal is given for 30fb−1. Masses are in GeV
Mass 120 130 140 150 160 165 180
Signal 0.281 0.816 1.511 1.94 1.03 0.484 1.32
ZZ∗/γ∗ 0.143 0.150 0.163 0.151 0.208 0.240 0.938
All Zbb 0.055 0.047 0.026 0.021 0.015 0.013 0.013
tt¯ <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04
Significance 2.8 7.1 11.5 14.2 8.2 4.2 6.2
